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THERMAL CONTROL VARIABLE-SPEED CIRCUIT WITHOUT 
SWITCHING NOISE 

BACKGROUND OF THE INVENTION 

1 . Field of the Invention 

[0001] The invention relates to a thermal control variable-speed circuit, and more 
particularly, to a thermal control variable-speed circuit without switching noise. 

2. Description of the Related Art 

[0002] Recently, methods for controlling the speed of heat dissipating fan motors were 
mainly accomplished by pulse width modulation (PWM) signals. Such control methods are 
illustrated in FIGs. 1 and 2. The principle of PWM controlling methods is to utilize a 
reference voltage signal V re f and a triangular wave (TW) signal to adjust the duty time. 
Referring to FIG. 2, V re n and V re f2 represent the reference voltage signal V re f under different 
circumstances. When the reference voltage signal V re f is V re n, the output PWM signal P is 
Pi with a corresponding duty time Ti. On the other hand, when the reference voltage signal 
V re f is V re f2, the output PWM signal P is P 2 with a corresponding duty time T 2 . A driving 
circuit 12 then controls the operating time of a fan motor 13 according to the duty time of the 
PWM signal P. 

[0003] For example, at higher ambient temperatures, V re f2 corresponding to the 
reference voltage signal V re f is produced, and a TW signal is inputted to a PWM signal 
generating module 1 1 . The PWM signal generating module 1 1 produces and outputs P 2 as 
the PWM signal P, and the driving circuit 12 controls the duty time of the fan motor 13 
according to the duty time T 2 of the PWM signal P 2 . Because the duty time T 2 per unit time 
is longer and thus average duty time of the fan motor 13 is also longer, the rotation speed of 
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the fan motor 13 is faster. Conversely, at lower ambient temperatures, V re n corresponding 
to the reference voltage signal V re f is produced. The PWM signal generating module 11 
produces and outputs Pi as the PWM signal P. Then, the driving circuit 12 controls the duty 
time of the fan motor 13 according to the duty time Ti of the PWM signal Pi. Because the 
duty time Ti per unit time is shorter and average duty time of the fan motor 13 is also shorter, 
the rotation speed of the fan motor 13 is slower, thereby accomplishing the purpose of 
controlling the rotation speed of the fan motor 13. 

[0004] However, such methods for controlling the rotation speed of a fan motor by 
using PWM signals are prone to the following shortcomings. While the driving circuit 12 is 
dedicated to constantly receive PWM signals P for controlling the fan motor, the operation of 
switching between high and low levels of the PWM signal P causes switching noises that 
further produce other mild noises. When the fan motor operates at high rotation speeds, the 
noise level is below that created by the fan motor. However, when the rotation speed of the 
fan motor decreases, the noises produced become apparent and cannot meet the requirements 
of system manufacturers. In addition, in order to ensure that the driving circuit 12 and the 
fan motor 13 are appropriately controlled by the PWM signals P, it is necessary to constrain 
the duty time of the PWM signals P within a range of 30% to 85%. However, the rotation 
speed of the fan motor will then be in a limited range and thus the ambient temperature 
cannot be adjusted as desired. 

[0005] Therefore, it is an important task of the invention to avoid the switching noises 
during the rotation of the fan motor, and to broaden the controllable range of the rotation 
speed of the fan motor. 



[0006] 



BRIEF SUMMARY OF THE INVENTION 

To overcome the aforesaid difficulties, an object of the invention is to provide a 
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thermal control variable-speed circuit without switching noise, in that the thermal control 
variable-speed circuit is capable of avoiding switching noises caused by the rotation of a fan 
motor. 

[0007] The other object of the invention is to provide a thermal control variable-speed 
circuit without switching noise, in that the thermal control variable-speed circuit has a greater 
controllable range of the rotation speed of a fan motor, compared to PWM controlling 
methods . 

[0008] To achieve the aforesaid objects, the thermal control variable-speed circuit 
according to the invention is connected with a driving circuit which controls the rotation 
speed of a fan motor. The thermal control variable-speed circuit is also connected to a 
power supply, and outputs a corresponding driving voltage according to ambient temperature 
changes. The driving circuit uses the driving voltage outputted by the thermal control 
variable-speed circuit to drive the fan motor so as to control the rotation speed of the fan 
motor. 

[0009] The thermal control variable-speed circuit includes a reference voltage output 
circuit and a driving voltage control circuit. The reference voltage output circuit is 
connected to a power supply, and outputs a corresponding reference voltage signal according 
to ambient temperature changes. The reference voltage output circuit has an output end 
connected to a first resistor in series, and to a second resistor in parallel, such that the 
reference voltage signal becomes even more sensitive to ambient temperature changes. The 
driving voltage control circuit receives the reference voltage signal outputted by the reference 
voltage output circuit, and outputs a corresponding driving voltage according to the 
amplitude of the reference voltage signal received. Specifically, when ambient temperature 
is comparatively low, the reference voltage output circuit outputs a relatively low reference 
voltage signal. After receiving a relatively low reference voltage signal, the driving voltage 
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control circuit outputs a relatively low driving voltage so as to drive the fan motor at a 
relatively low rotation speed. On the other hand, when ambient temperature is 
comparatively high, the reference voltage output circuit outputs a relatively high reference 
voltage signal. After receiving a relatively high reference voltage signal, the driving voltage 
control circuit outputs a relatively high driving voltage so as to drive the fan motor at a 
relatively high rotation speed. Consequently, it is possible to control the rotation speed of 
the fan motor by ambient temperature changes. 

[0010] In the thermal control variable-speed circuit without switching noise according to 
the invention, only the amplitude of a driving voltage is used for controlling the rotation 
speed of a fan motor. There is no need for generating any control signal, such as PWM signal, 
switching between high and low levels and thus there is no such switching noise as is caused 
by using control signals in the PWM controlling method. Moreover, since the rotation 
speed of the fan motor is controlled only by the amplitude of the driving voltage, the fan 
motor has a greater controllable range of rotation speed compared to the PWM controlling 
methods. 



BRIEF DESCRIPTION OF THE DRAWINGS 

[0011] The above-mentioned and other objects, features, and advantages of the present 
invention will become apparent with reference to the following descriptions and 
accompanying drawings, wherein: 

FIG 1 shows a block diagram illustrating a PWM controlling method for controlling fan 
motor speed according to the prior art. 

FIG 2 shows a schematic view illustrating the principle of a control method using PWM 
according to the prior art. 
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FIG 3 shows a block diagram of the thermal control variable-speed fan motor in a 
preferred embodiment according to the invention. 

FIG 4 shows a circuit diagram of the thermal control variable-speed fan motor in a 
preferred embodiment according to the invention. 

FIG 5 shows a diagram illustrating a relationship between the reference voltage signal 
and the driving voltage in a preferred embodiment according to the invention. 

DETAILED DESCRIPTION OF THE PREFERRED EMBODIMENTS 

[0012] For better understanding of the invention, detailed descriptions of the thermal 
control variable-speed circuit without switching noise in preferred embodiments according to 
the invention is given below with the accompanying drawings. 

[0013] Referring to FIG 3, a thermal control variable-speed circuit 31 without switching 
noise according to the invention is connected with a driving circuit 32, wherein the driving 
circuit 32 is for controlling the rotation speed of a fan motor 13. The thermal control 
variable-speed circuit 31 is connected to a power supply Vcc, and outputs a corresponding 
driving voltage V D according to ambient temperature changes. Functions of the driving 
circuit 32 are similar to those of the prior art. However, the difference is that the prior art 
uses a driving circuit for receiving PWM signals in order to control the rotation speed of a fan 
motor, whereas the present invention uses the driving circuit 32 for receiving the driving 
voltage Vd that is further used to control the fan motor 13. Functions of the fan motor 13 
are identical to those of the prior art, and shall not be described. 

[0014] Referring to FIG. 4 showing a circuit diagram of the thermal control 
variable-speed circuit 31, the thermal control variable-speed circuit 31 includes a reference 
voltage output circuit 311, and a driving voltage control circuit 312. The reference voltage 
output circuit 311 has a first resistor Ri, a second resistor R 2 , a thermistor R t h, a third resistor 

5/11 



R.3, and a fourth resistor R4. The third resistor R 3 has one end connected to a power supply 
Vcc, and the fourth resistor R4 has one end connected to the other end of the third resistor R 3 . 
The thermistor R th has a negative temperature coefficient. That is, when ambient 
temperature drops, the resistance of the thermistor R th increases. The thermistor R th has one 
end connected to the other end of R4, and the other end grounded. The first resistor R\ has 
one end connected between the fourth resistor R4 and the thermistor R th , and the other end 
outputting the reference voltage signal V ref . The second resistor R 2 has one end connected 
to an output end of the first resistor Rj, and the other end grounded. It is to be noted that the 
second resistor R 2 may be a variable resistor for adjusting the resistance of the second resistor 
R 2 , thereby controlling the sensitivity of the reference voltage signal V ref with respect to 
ambient temperature changes. 

[0015] The driving voltage control circuit 312 has an operational amplifier OP, a fifth 
resistor R 5 , a sixth resistor R<$, and a transistor. The operational amplifier OP has a 
non-inverted input end connected to an output end of the reference voltage output circuit 311, 
so as to receive the reference voltage signal V ref . The fifth resistor R 5 is connected between 
an inverted input end of the operational amplifier OP and output end of the operational 
amplifier OR The sixth resistor R$ is connected between the inverted input end of the 
operational amplifier OP and ground. The transistor has a base connected to the output end 
of the operational amplifier OP, a collector connected to the power supply V C c, and an 
emitter connected to the driving voltage V D . 

[0016] The operation of the thermal control variable-speed circuit without switch noises 
according to the invention for controlling the rotation speed of a fan motor shall be described. 
Since the thermistor R th in the reference voltage output circuit 311 has a negative temperature 
coefficient, when ambient temperature drops the resistance of the thermistor R th rises and also 
the reference voltage signal V re f at point A lowers as shown in FIG 4. When the reference 



6/11 



voltage signal V re f received by the driving voltage control circuit 312 lowers, the output 
driving voltage V D outputted by the driving voltage control circuit 312 also decreases. 
Therefore, as the output driving voltage V D outputted by the driving voltage control circuit 
312 decreases, the rotation speed of the fan motor 13 decreases accordingly, so as to 
accomplish the purpose of controlling the rotation speed of the fan motor 13. Specifically, 
referring to FIG 5, when ambient temperature is comparatively lower, the resistance of the 
thermistor R th rises and then the reference voltage output circuit 311 outputs a 
correspondingly lower reference voltage signal V re f. L . Upon receiving the reference voltage 
signal Vref-L, the driving voltage control circuit 312 outputs a correspondingly lower driving 
voltage V D -l to drive the fan motor 13 at a correspondingly lower rotation speed. On the other 
hand, when ambient temperature is comparatively higher, the resistance of the thermistor R th 
drops, the reference voltage output circuit 311 outputs a correspondingly higher reference 
voltage signal V re f- H . Upon receiving the reference voltage signal V re f- H , the driving voltage 
control circuit 312 outputs a correspondingly higher driving voltage V D -h to drive the fan 
motor 13 at a correspondingly higher rotation speed. 

[0017] According to the thermal control variable-speed circuit without switching noise 
of the invention, control signals such as PWM signals switching between high and lower 
levels are not required. Hence, the rotation speed of a fan motor is controlled according to 
ambient temperature changes, so as to avoid switching noise caused by using control signals 
used to control the rotation speed of the fan motor. Moreover, since the rotation speed of the 
fan motor is controlled only by the amplitude of the driving voltage, the fan motor has a 
greater controllable range of rotation speed compared to the PWM controlling methods. 

[0018] The embodiments and examples according to the invention are fully illustrated in 
the above descriptions. For those who are skilled in this art, it is understood that the 
embodiments according to the invention are illustrative but not limitative. For instance, in 
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order to filter noises, at least one capacitor may be connected at the power supply end of the 
fan motor. Without departing from the true spirit and scope of the invention, various 
modifications and changes of the direct current fan motor shall be covered by the appended 
claims of the invention. 
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